The cinnamon flowers exhibit protogynous dichogamy with 2 flower types "Type A" and "Type B" which first flowers during morning and evening respectively. This floral cycle causes a temporal barrier to the maintenance of elite breeding material and for hybridization with desired parents. Determination of variation in flower and inflorescence morphology can shed light on functional diversity in "Type A" and "Type B" flowers. In order to study these variations, a survey of cultivated cinnamon lands and wild habitats was conducted in fifteen locations in the Matara district. Peduncle length (PDL), flower length (FL), flower width (FW), and floral tube length (FTL) varied among cinnamon accessions collected. The variation in tepal shape was distinct: the two whorls of tepals of a single flower exhibited two shapes. The current investigation of differences in inflorescence, floral morphology and floral abnormalities of Cinnamomum verum provides information about their diversity, and recommends molecular analysis to further determine the genetic basis of two flower types in progynous dichogamy.
Introduction
The cultivated cinnamon (Cinnamomum verum) belongs to family Lauraceae. The genus Cinnamomum consists of about 250 species found in Asia and Australia (Jayaprakasha et al. 2003) . Kumarathilake et al. (2010) studied the eco geographical distribution and the extinction risk level of wild relatives of cultivated cinnamon. Sri Lankan cinnamon contributes to 70% of the world's true cinnamon bark production (Abeysinghe et al. 2009 ). A favourable environmental conditions for cinnamon are found in wet zone of Sri Lanka. The optimum temperature for cinnamon cultivation lies between 25°C-32°C (Department of Export Agriculture 2013). Wide morphological variation of cultivated cinnamon is detected in farmer fields in Sri Lanka due to cross pollination. Protogynous dichogamy in cinnamon leads to cross pollination. According to Kumari et al. (2008) , there are two types of plants named Type A, in which stigma becomes receptive during morning, and Type B with receptive stigma in the afternoon. The flower opening cycle is completed within a span of 12 hours as anthers become dehiscent in the evening in "type A" and in the morning on the next day in "type B". Overlapping periods in "Type A" and "Type B" flowers result in cross pollination. Kumari et al. (2008) determined that the majority of cultivars tested belong to "type B'.
Variation due to possible cross pollination, among mother plants, their progeny and other plants in more than 50 year old population was determined through age-independent morphological characters of leaf shape, leaf base and leaf apex by Azad et al. (2015) . None of the progenies was 100% similar to mother plants. New phenotypes for leaf shape and leaf base were reported in progeny indicating the contribution of cross pollination to allele richness leading to morphological variation in cinnamon germplasm.
Methods
A field survey was conducted in 15 locations of Matara, Sri Lanka in February, 2016 (Figure 1 ). Fifteen cinnamon accessions with representative inflorescence and flower morphologies from cultivated lands and wild habitats were considered for this study. The floral abnormalities were also recorded. Information on inflorescence nature/ pattern, floral colour, size and structure were observed in 5 flowers from each accession based on information of previous work (Dassanayake et al. 1995; Purseglove 1969) .
Four quantitative morphological characters of peduncle length (PDL), flower length (FL), flower width (FW), and floral tube length (FTL) were measured from fifteen accessions. The average value of five readings was taken for a character from each accession for the analysis. Clustering of fifteen accessions into four groups was carried out based on above four quantitative morphological characters following Ward's hierarchical algorithm of squared Euclidean distances using IBM SPSS Statistics 20.0 software (version 20), IBM, USA. The four Although Gamble (1967) , Hooker (1883) , Joseph (1981) , Kubitzky and Kurz (1984) , Mohankumar et al. (1985) , Ravindran et al. (2004) and Purseglove (1969) also studied some aspects of floral biology of cinnamon, the information is still incomplete. Environmental factors may affect the floral cycle of cinnamon. Possible effect of day length on flowering time manipulation has not been studied yet, as indicated by Sedgley (1985) about the floral cycle of Avocado of family Lauraceae. As reported by Purseglove (1969) , flowers of Cinnamomum verum were found in axillary and terminal panicles at the end of twigs. Its peduncle is creamy white and 5-7 cm long. Individual flowers are very small, of about 3 mm in diameter, with a foetid smell. A small, ovate and hairy bract subtends from the flower. There are six campanulate and pubescent sepals. There are nine stamens in three whorls with glands at the base. The filaments of stamen are hairy and anthers are four-celled opening through four small valves. There are three staminodes. The ovary is superior and one -celled. The main reports on cinnamon floral morphology by Purseglove (1969) and Dassanayake et al. (1995) 
Flowering in cinnamon is reported to have started by November and continues until the early part of March (Joseph 1981; Kubitzki and Kurz 1984; Mohanakumar et al. 1985) . The fruits are ripen from May to June. However, according to our observation in southern Sri Lanka, off season flowering occurs in March and April, and occasionally in August and September.
The development of breeding material through hybridization of superior genotypes is hampered by the lack of information on floral cycle and flower morphology, because progynous dichogamy causes a temporal separation between androecium and gynacium. Despite the presence of some unpublished information on the large size of Type A flowers, flower morphological markers for flower "Types A and B" of floral cycle have not been determined yet. The study of floral morphology is important for genotypes in commercial cultivation and in the wild in order to be maintained through self pollination and to be crossed respectively. Therefore, the present study was conducted to determine the morphological variation of flower and inflorescence of Cinnamomum verum from cultivated lands and natural habitats in Matara district, Sri Lanka, where commercial cultivation is common. The present study would provide basis for molecular characterization for flower diversity to mine useful genes in protogynous dichogamy in the future work. Figure 2 ). The variation in morphology was depicted through cluster analysis: mean scores of clusters for each character were analyzed and differences between clusters were determined by Tukey's post-hoc test (Table 1 ). The PDL of the accessions varied among clusters. The highest (137.66 mm) and the lowest (79.60 mm) mean values were reported from cluster 4 and cluster 2 respectively, which were significantly different at p < 0.05.
Flower length varied: the highest was an average of 10.25 mm (from cluster 1) and the lowest was an average of 8.17 mm (from cluster 3). The average FL differences, scaled by clusters were significant at p < 0.05. In the Tukey post-hoc testing, pair wise comparisons were significant between cluster 1 with cluster 2 and cluster 3. Furthermore, quantitative characters from each cluster were analyzed by one-way ANOVA and differences within cluster and between clusters were determined through Tukey's post hoc comparisons at p < 0.05 level for significant differences.
Ethical approval:
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Results and Discussion
The four quantitative morphological characters of PDL, FL, FW, and FTL varied among fifteen accessions. The cluster analysis using Ward's method based on above morphological characters classified the fifteen cinnamon The shape of cinnamon flower tepal was reported to be oblong-lanceolate (Ravindran et al. 2004 ). According to our study, ovate tepals were also found in cinnamon accessions from Matara district. Joseph (1981) reported the presence of six tepals arranged in two whorls, without an indication about the shape of the tepals, whereas we report here of two tepal shapes in two whorls in the same flower.
Two deviations of flower morphology from normal flower were observed and named as floral abnormality -1 and floral abnormality-2, which are described as follows:
Floral abnormality-1: The percentage of the abnormality is only 2.70% of all flowers of a single plant (accession) used for the study. The flowers with above abnormality were borne on a few axillary panicles at the apex of brachlets. The peduncle was 12-15 cm long with sub-branches. The flower was pale yellowish in colour. Flower length varied from 9-10 mm and width from 5.8-6.2 mm. There were seven tepals in two whorls (as 4+3), which were lanceolate. The apex was acute and other floral parts were the same as a normal flower (Figure 4. 1A, 1B and1C) .
Floral abnormality-2: The percentage of the abnormality is only 1.45% of all flowers of a single plant (accession) used for the study. Flowers were borne on axillary panicle with short axil and at the apex of branchlets. The peduncle was 10-13 cm long with subbranches. The flower was pale green. The FL varied form 7-8 mm and FW from 7.9-8.1 mm. There were eight tepals in two whorls (as 4+4). The apex was lanceolate and acute. The stamen whorl I and whorl III contained 8 stamens each. The stamen whorl II had four stamens and four staminal glands. In the gynoecium, there were one style, one stigma, an ovary and one ovule (Figure 4 . 2A, 2B and 2C).
The PDL of collected accessions ranged from 74.5-150.0 mm (with an average of 107.34 ± 6.7 mm) ( Figure 6 ). The PDL reported from Matara district during this study was longer than that recorded in previous studies by Dassanayake et al. (1995) and Wuu-Kuang (2011) .
There are variations observed in arrangement of inflorescence in terms of branchlets and single flower size, number of tepals and shape of the tepals as described above. Phenotypic plasticity or intraspecific genetic differentiation to local environment has previously been significant differences existed between clusters between 2 and 4, and also between cluster 3 and 4.
The highest (7.48 mm) and the lowest (6.25 mm) FWs were recorded in cluster 3 and cluster 1, respectively, although there were no significant differences between the clusters for FW at p < 0.05. Floral tube length was the highest (6.25 mm) and the lowest (3.33 mm) in cluster 1 and cluster 3, respectively. There was a significant difference between the clusters in regards to FTL at p < 0.05 : the FTLs of cluster 1 were different from those of cluster 2 and cluster 3.
Morphological variations of inflorescence and flower are summarized in Table 2 . Further, six representing cinnamon accessions from the four clusters are given in Figure 3 . All accessions produced axillary panicles ( Table  2 ). The arrangement of panicles suggested that panicles are usually formed at the apex of the branchlets, as found in clusters 2, 3 and 4 ( Figure 3 ; 3A and 5A). However, panicles can also be formed both from the axil and apex of the branchlets, which were found in cluster 1, 2 and 4 ( Figure 3 ; 2A, 4A and 6A). The maximum PL of 13-17 cm was detected in cluster 4 and the minimum PL of 6.5-10 cm was found in cluster 2. Three flower colours were observed in cinnamon accessions. A pale green flower colour was recorded in all clusters (Figure 3 ; 2C, 3C and 5C). A pale yellowish green flower colour was found in cluster 2 and 3 (Figure 3, 6C) , while a pale yellowish flower colour was observed only in cluster 4 (Figure 3, 4C) . The maximum FL and maximum FW were recorded in cluster 4 and 3 respectively. All accessions showed six petals in two whorls. However, the shapes of the tepals were different among clusters. Lanceolate, ovate and oblong-lanceolate shapes were observed in cluster 2, 3 and 4 respectively (Figure 3 ; 1C, 5C and 4C). Interestingly, two tepal shapes in two whorls were also observed in all four clusters, where first whorl was lanceolate and second whorl was oblonglanceolate ( Figure 3; 2C, 3C and 6C ). An acute apex was found in tepals of all clusters (Figure 3 ; 2C, 3C and 6C) and an additional subacute apex was observed in cluster 2, 3 and 4 (Figure 3 ; 1C, 4C and 5C). All four clusters showed differences in inflorescence and flower morphological characters indicating diversity among the cinnamon accessions.
According to our observation, the standard floral characters comprises of six tepals in two whorls and fifteen stamens in three whorls; both whorl I and whorl III contain six stamens, while whorl II contains only three stamens. In the ovary, only one ovule is located. A style arises from the ovary. Three staminal glands are present in between stamen whorl II and the stigma ( Figure 5B ). Flower dimensions were not completely presented in detected through morphological variation (Davis et al. 2005; Hendry et al. 2011; Nicotra et al. 2010; Potvin and Tousignant 1996; Reed et al. 2011; Volis et al. 2015) . The present study suggests the possibility that genetic differences among accessions may have led to morphological differences of 15 accessions from 15 locations in Matara district: microenvironmental factors may influence the gene expression for flower and inflorescence differences. In addition, testing the unpublished fact that "Type A" flowers are large in size is essential at molecular level in future work as significantly different flower lengths and widths were recorded during the study. Our study suggests that the allele diversity due to cross pollination, mutation or differential gene expression and differences in micro environmental conditions may lead to variation in floral morphology. An intensive study of floral morphology across Sri Lanka supported by a molecular analysis would reflect the full level of diversity within the species.
